January 12, 1953

Dear Bruce:

I shall send the strains requested as soon as I can get around to
it. I believe I did not send SW-926, but substituted SW-938 instead.
SW-925 is abony ——x SW546; SW-938 is SW-546 —x abony. As the mother
strain in the latter was already dighaaic, it seemed to me a better
exemplification of the anomalous Hl *“< and more likely to have a

straightforward subsequent bshavior. The origin of the 1,2 phase of
SW-546 is still somswhat of a mystery. I have not been able to repeat
the isolation of an enx:1,2 from abony ——x 546, perhaps becauss the

546 would have to bs in a sort of cryptic second phase for the substitu~
tion to be effective.

Are we still at cross-purpcses about SW-674? (Or do you have some
other reference for 5. duhlin(? ) 0 in your lsttar?) SH-674 ia iyohimurium
to which gp has been transduced in place of 1; I shall be very surprised
if it phage~tvpes as dublin., You should find the othsr charzcters of
8W-435 (nutrition, Xyl- Gal- S¥) still intact also.

I didn't intend to stir up such a hassle about the authorship of the
paper-- and anticipated no personal difficulties at all. I won't restiate
my own views, and will accede sntirely to your cwn decisions on the matter.
It was to avold the tiresome necessities of divided leadership and respon-
sibility that I raised the point in the first place, but I suppose it will
make very little difference in the end. I hope you will go ahead as 1f this
is your wen paper, though of course you will tend to the superb advice you
get later from your colleagues. At any rate, you ought not to delay the
actual writing on any account, as it is impossible to suggest revisions
until one can see the whole. I agree with you that this paper must be addressed
to the microbiologists, and the genetics confined to the least necessary
(which in this case is also the most) to make it intelligible. I think one
could go so far as to say that the suggestion of linkage has been partly
confirmed (or at least the st¥ted alternative disqualified) by subsequent
backcross tests. I doubt if the facts yet justify a more sophisticated dis-
cussion at any level! Norton's objection on suppressors ls at least partly
semantic, as to what one means by suppressors vs. Fla loci. It is true that
the different Fla- mutants have not been tested in a proven uniform background,
and that they might show different interactions in other combinations. This
would in no case disqualify them as worthy of being called "Fla-", and
the reservation of interactions with the residual genotype should be
implicit in any discussions of gene action. In any given test, whatever
locus 1s altersd to restore motility was, by this defihition, a Fla-.

I should rather not, just yet, send out any heterozygous diploids.
Except tossomeone who is prepared to wallow in the whole morass, their
individual behavior is so complex as to lead to serious kisinterpreta-
tions. I am not concerned about your falling into such a trap, but fear
that you would be embarrassed by requests from other quarters. However,
I have been meaning anyhow o send you SW 684, Gal+/- from PLT22—x666.
This is, I think, also undoubtddly a segregation, and rather sesembles
the behavior of the E. coli diploids (except, of course, that just one
character is involved). I don't quite see what you're doing with the
iodo-eekdn analogues. I'll be happy to send you some of our eosin,
heid mvbmant +that wan aimnly writa arannd Por aasmnlas 311 vou find a



batch that suits you. If my eeein doesn't work with your Metjylene Blue, that'll
be your next step. You may have to vary the essin: MB proportions slightly from the
indicated ratio of 6:1, by empirical tests. This sounds like a lot of trouble, but
the result (for years to come) is still worth it.
offices

I hope we can avold a dellcate sitpation on the publication of the serology.
I have been cnliivating Edwabds! good/WEEK for some time, and am deeply indebted
to him for innumerable favors. We have had, I think, an understanding that he
would collaborats on the detailed serological work. I suggestbthat you get
Joan Taykor's critical data as.a sort of addendum (perhaps under her authorship)
to the present paper. In thB ¥&R%t 1t might also e indicated that Edwards has
confirmed the initial diagnoses. I will have to walt to see Edwards about further
developments, but expect we will collaborate closely on further generation of
serotypes: I am hoping, in fact, that this part of the work itself will be continued
largely at Chamblee, except for my own studies which will be more intensive than
extensive, at least anent phase-variation. I do not think that Edwards' propletary
interest will te infringsd, however, by a publication in the form just suggested.
Can you think cf any easier solution? I would hesitate to suggest to twe other
pecple “that the; cnllaberate with =sach cother until I have a much baiter perscnal
insight.

Thanks for tre Garman raferences: I'l1l lcok them up and send you “nglish ab-
stracts. While we've at 1%, I noticed Andrewes' corment {1925) +het variation
was more frequent in broth than én agar. If he hed any rewl observations on this,
it is hard to s2e how they could be frllaclous. By the by, in his 1922cnaper he
refers to his owr. infection with tyrhimufrium, which was substantially pure
group phase (anent p. 411 your paper). In considering such questions, the purity
of the antibody response might be even more critical than necessarily limited
isclatlions. But snyhcw, do you think Andrewes! comment on broth vs. agar could
be right? I have slways been a 1little sgkeptical of your explanathon of binns;
perhaps thess «i'e stralns which are unusually stahble on agar. At any rate, this
seems llke the most tanglble lead on the controcl of phase variation. On the
activation-shift hypothesis, experimental control should be possible.

I can't be sure whether you'd gotten mine of the 25th before you ssnt yours
of the 29th. To avold such uncertainties, it might be a good idea to include the
formality of rsference to provious letters rec'd (or is this too ntuff§?) For
reasons similar Lo yours, there has been a temporary decrescendo, and + don't know
whe ther we shall pick up much befors packing off for Chamblee (ETDi Jan. 25).
Some minor nuggess: The host-aflaptation of PLT22 is confuded. The R81ative e.0.p.
(typhlmurium; LT2: paratyphi B SWh66) goes as follows: PLT22 itself ca. 7, adapted

to SWb66 ca. -2, readapted to LT2, 4. About the same holds for the lytic variant,22V.
Several, but not many separate lines were tested for the above, with consistent
results. Ad the adaptation is not completely reversible, there may be both an induced
phenotypic effect and a sekection of spontaneous sutants. 35W666 itssif carries ano-
ther phage, and it is an amusing possibility that the adaptation is partly a pheno-
typic blending with this phage. Efficliency of transduction is qualitatively similar
to the r.eop., but not quantitatively. E.G., PLT22 has ca. 1% FA on £66 as on LT2;
most of the transductlons here are not lysogenic, Ad.22V does not appear to

induce lysogenicity in SW666 (unfortunately, as some interesting substitution expts.
would have been possible with such a markhkr), although its plaques here are quite
muddy. I have had some 1i's from Lr-21,2 _x SW666; have not yet focllowed them through
A fairly clean preliminary expt. using 22V to identify infected bacteria was com-
pleted (see last letter). It agrees wuite well with the proposition fhat all (or

at least almost all) transductions occur to bacterla infected with temperate phage.
As the nukber of transductions is limited by the amount of phage, it seems unlikely
that phage-infection is simply an auxiliary condition. (Some more expts. on this



point, viz. the yleld of transducticns at multiplicities below saturation
with various mixtures of Gal+ and Gal- FA, may be needed. They may add up to
rather substantial proof that FA is carried by the same particles as carry
lysogenizing ~ctivity, l.e., that FA = phage not only qua skins, but also qua
contents.

I've done just a few experiments with SL-13, and can confirm getting a and 1
—x PLT22. FA from paratyphi B has so far had no effect, and the yields in all
gases have bsen very small., I thought this might be due to roughness, but the
overall somatic antlgen seems well developed. I should do some adsorption expts.,
and will, Para A wa3 an lmportant type tc decide on the role of XII2. Do you have

any explicit information on the presence of this component} in SL-13” Sc far, its
susceptibility tou transduction has been soc low as to discourage any extensive work.
¥e may really have to buckle down to isolating a good many new mutants (Fla-) from
somsg standard strain. I've thought of LT-1 (as the only LT I found sunceptible to
Chi phage,. 1°lL seud gou anything promising that may come of this,

Spicer's still up to attempting somatic antigen transductions. There are many
enough technica: difficulticsy it stili hasan't worked. Have you dcne any more
with technlyues Jor classilying O coionies? 1 should think one could add mxamtiwe
uxxkxyithx soms titing like metnylecellulose to increase the viscosity of motility
agar, and uake it an iladicator rather than a selective amedium. 30 far, have had
very sloppy resaits bryilng to grow colonies at low temperature and let them migrate
briafly at hdgher.

1 sent some reprints off to you; you will recognize the semicolons in soms as
your own. Your critlcal judgment was invaluable, and 1 did not want to leave this
unsaid. Page proof has only just come in for the L&L lysogenicity oous of which
you have & preprint. In case anyy references are nesded, 1t turns out Genetdcs
38:51-64 ("Jaa." 1933).

Sincerely,

Joshua Lederberg

P.3, Sageblel grew 3. typhi in chloromycetln broth. In concentrations over

1 ug/ml the calls were immotile and N-inagglutinable. The Vi response also
dropped with more than about 2 mg/ml, while O-agglutinability increased.

He did not reinoculate into plain broth! sc your yuestion's not answered.

1t would be easy cnough to do.He made up his stock chloromycetin in propylene

glycol, I don't know why. .
the other paper you quoted is in ths bindery just now.

I hope I8ve given you the proper gunealogy of $W-534. SW-703 ls Edwards' #3,
and cabhot be the ancestor, if only on grounds of ilnoxitol and rhamnose fermen-
tation, as well as diphasicity. Bdwards #157 was reprssented as SW-546, and
certalnly is the ancestor of 3SW-534 ete. I will send gou SW-703, but the allegagion
that it is the parent is inﬁcrrect. Perhaps thias 1s what you meant, and hope to
have Felix exclude 703, as * am sure he will.

JL



